Materials and Methods
Chemicals were obtained from commercial suppliers and used without further purification. To libraries and individual substrates synthesis, Rink amide RA resin (particle size 200-300 mesh, loading 0.7 mmol/g, Iris Biotech GmbH), Fmocprotected amino acids (purity > 99% Iris Biotech GmbH, Bachem, Creosalus, Santa Cruz, PepChem), N-hydroxybenzotriazole (HOBt purity > 98%, Creosalus), diisopropylcarbodiimide (DICI, peptide grade, Iris Biotech GmbH), N,Ndiisopropylethylamine (DIPEA, peptide grade, VWR), O-benzotriazole-N,N,N',N'-tetramethyl-uronium-hexafluoro- 
Library synthesis
Synthesis of P1 Arg (in Arg-HyCoSuL) was carried out in a similar manner as described previously [1] [2] [3] . The peptide chain was elongated with standard Fmocsynthesis procedure. 1eq of Rink Amide resin (13g, 9.1 mmol, 0.7mmol/g, mesh 200-300) was swollen in a glass reaction vessel in DCM, stirred gently once per 10 minutes for an hour. The resin was washed three times with DMF, the Fmoc protecting group was removed with 20% piperidine in DMF with three washes for 5, 5 and 25 minutes, followed by gently washing with DMF (6x). A ninhydrin test was performed to confirm amine group deprotection. In the next step 3eq of Fmoc-ACC-OH were preactivated with 3eq of HOBt and 3eq of DICI in DMF, and after 5 minutes the mixture was poured into the resin. The reaction was carried out by gentle stirring for 24 hours in room temperature. Next the resin was washed three times with DMF and Fmoc-ACC-OH coupling was repeated with 1.5 eq of reagents to increase loading efficiency. After 24 hours, the resin was washed with DMF and coupling was confirmed by a ninhydrin test. The Fmoc group was removed as described above, resin was washed gently and 3 eq of Fmoc-Arg(Pbf)-OH was preactivated with 3 eq of HATU and 3eq of collidine in DMF for 5 minutes, followed by addition to the resin.
The reaction was agitated for 24 hours in room temperature and then a second coupling was carried out with 1.5 eq of reagents to increase the loading efficiency.
To cap unreacted aminocoumarin reporter groups, the resin was treated with 10 eq of acetic acid, 10 eq of 3-nitro-1,2,4-triazole and 10 eq of DICI in DMF for 24 hours, followed by addition of 2 eq of DIPEA for 3 hours [3] . Next the amine group from Arg was deprotected with 20% piperidine in DMF and washed with DMF (6x), DCM (3x) and MeOH (3x) and dried over P 2 O 5 overnight. Resin was divided in 120 portions and 48 of these portions were added to 48 wells of solid phase peptide synthesis reactor [1, 2, 4] . The resin was swollen with DCM for an hour, shaking once every 10 minutes. In the next step, resin was washed with DMF and 3eq of each of 48 different amino acids (separately in Eppendorf tubes) were preactivated with 3eq
of HOBt and 3eq of DICI in a minimal amount of DMF for 3 minutes and added to the glass SPPS reactor wells. The reaction was carried out for 3 hours, followed by washing with DMF (3x). The Fmoc-protecting group was removed, resin was washed DMF (6x) and 5eq of isokinetic mixture of natural amino acids (omitting Cys and substituting Nle for Met) was preactivated with 5eq of HOBt and 5eq of DICI for 5 minutes and then added to the resin. The Fmoc protecting group was removed with 20% PIP/DMF, resin washed with DMF (6x) and the isokinetic mixture was attached to the P4 position as described above. After Fmoc group removal, the free amine group was protected with 5eq of acetic acid, 5eq of HBTU and 5eq of DIPEA in DMF.
After acetylation was complete (1 hour), resin was washed with DMF (3x), DCM (3x) and MeOH (3x) and dried over P 2 O 5 overnight. 
Library screening
NSP4 activity was tested on each sublibrary by measuring the increase of fluorescence signal over time for using a plate reader with 355/460nm (cutoff 455nm)
for 1000s in 50 mM Hepes, 0.1 M NaCl, 0.1% TRITON-X100, pH 7.45 buffer. 
Individual substrates synthesis
In a glass peptide synthesis vessel, 1eq of Rink Amide resin (0.7 mmol/g, 200-300 mesh) was swollen in DCM for 1 hour stirring once per 10 minutes and then washed with DMF (3x). The Fmoc-protecting group was removed with 20% PIP in DMF for 5, 5 and 25 minutes. Resin was washed with portions of DMF (6x) and deprotection was confirmed by a ninhydrin test (resin beads were navy blue).
Afterwards, to the resin 3eq of Fmoc-ACC-OH was loaded with 3eq of HOBt and 3eq
of DICI (preactivated for 3 minutes), followed by 24 hours agitation at room temperature. Resin was washed with DMF (3x) and the coupling procedure was repeated with 1.5 eq of Fmoc-ACC-OH, HOBt and DICI. The resin was washed with DMF (3x) and coupling was confirmed by ninhydrin test, followed by Fmoc protecting group removed with 20% PIP/DMF for 5, 5 and 25 minutes. Resin was washed carefully with DMF (6x) and 3eq of first amino acid (Fmoc-Arg(Pbf)-OH) was attached to the resin with 3eq of HATU and 3 eq of collidine as a coupling reagents, stirring gently for 24 hours. The resin was washed with DMF (3x) and loading was repeated with 1.5eq of reagents for additional 24 hours. The resin was washed with DMF (3x) and Fmoc protecting group was removed with 20% PIP/DMF (5, 5 and 25 minutes) and resin was washed with DMF (6x). To confirm deprotection, a ninhydrin test was performed.
The H 2 N-R(Pbf)-ACC resin was treated with 3 eq of preactivated P2 Fmocamino acid (Fmoc-Oic-OH or Fmoc-Pro-OH) with 3eq of HOBt and 3eq of DICI.
Resin was stirred gently for 3 hours and loading was confirmed with a ninhydrin test.
The Fmoc protecting group was removed as described above. 
SDS-page and Western Blot
NSP4visualization by PK401
A standard SDS broad spectrum marker (Biorad) was used (Fig. 4A, lane 1) .
Two Eppendorf tubes with 100nM of NSP4 were incubated with Ac-IVPR-CMK for 30 minutes at 37°C and then treated with PK401 at 2000nM and 1000nM for an additional 20 minutes at 37°C (Fig. 4, lanes 2 and 3) . Separately, 100nM enzyme was incubated with 2000nM, 1000nM, 100nM, 10nM, and 1 nM of PK401 for 20 minutes in 37°C (Fig. 4, lanes 4 , 5, 6, 7, 8) . As a control 100nM PK401 alone was incubated with assay buffer (Fig. 4, lane 9 ). Samples were heated for 5 minutes at 95°C in 5xSDS buffer and 20µL of each was run at the Bolt 4-12% Bis-Tris Plus Gels, 10-well (165V, 36min), followed by transfer to nitrocellulose membrane (10V, 60min)
in MES running buffer. The membrane was blocked with 1.5% BSA in TBST overnight at 4°C and treated with IRDye800CW Streptavidin (dilution 1:10000 with 1,5% BSA in TBST) for 45 minutes. Then enzyme was visualized using a Li-cor fluorescence imager and Odyssey Molecular Modeling Software.
NSP's visualization by PK401
A standard SDS broad spectrum marker (Biorad) was used. 100nM of each NE< PR3, CatG and NSP4 were treated with PK401 at 100nM for 10 minutes at 37°C. Separately, 100nM of NE, PR3, CatG and NSP4 were incubated with buffer for 10 minutes in 37°C. Samples were heated for 5 minutes at 95 o C in 4xSDS buffer and 21µL of each was run at the Bolt 4-12% Bis-Tris Plus Gels, 10-well (165V, 36min), followed by transfer to nitrocellulose membrane (10V, 60min) in MES running buffer.
The membrane was blocked with 1.5% BSA in TBST overnight at 4°C and treated with IRDye800CW Streptavidin (dilution 1:10000 with 1,5% BSA in TBST) for 45
